In this work, we will study a class of the duality problem of E-convex programming. The weak and strong theorems for the duality problem of E-convex programming are given to show the relation between the solutions of the dual and primal problems, and also we will prove some properties of the duality problem of E-convex programming.
Introduction
The concepts of E-convex sets and E-convex function have been introduced by Youness in [8, 10] & they have some important application in various branches of mathematical sciences. Youness in [10] introduced a class of Econvex sets and E-convex functions by relaxing the definition of convex sets and convex functions. This kind of generalized convexity is based on the effect of an operator n n R R E → :
on the sets and the domain of functions, and also in [9] Youness discussed the optimality criteria of E-convex programming .Megahed and et al in [4] discussed a combined interactive approach for solving E-convex multi objective nonlinear programming.Xiusu Chen in [1] introduced a new concept of semi E-convex functions and discusses its properties. Emam and Youness in [12, 13] introduced a new class of E-convex sets and E-convex functions which is called semi strongly E-convex sets and strongly E-convex functions by taking the images of two points x and y under an operator n n R R E → :
besides the two points themselves and strongly E-convex sets and strongly E-convex functions. Wier and Mond in [5, 6] discussed the generalized convexity, generalized concavity and the duality problems. And also, in [7] Wier discussed the proper efficiency and duality for vector valued optimization problem.
In this paper we aim to study the duality problem of E-convex nonlinear programming and besides this we will also introduced a weak and strong duality theorem of E-convex programming.
Consider the E-convex nonlinear programming problem
Where ( ) f x and ( ), 1, 2,..., i g x i m = are E-convex functions and M is E-convex set. There are two dual problems of primal problem P called Lagrange dual problem and Mond-Wier dual problem. Now we will present some definitions and notations of E-convexity for a set and function
1-The Lagrange dual problem
D ( ) Max F u Subject to, 0 ≥ u . Where ( ) inf { ( ) ( ), } F u f x u g x x M = + ∈ .
2-Mond -Wier dual problem D
( , ) ( , ) ( ) ( ) 0 , ( ) 0, 0, ,( , ) ( ) ( ) E
Definition 1.1[10] (E-Convex set)
A set n R M ⊆ is said to be an E-convex set with respect to an operator E o -convex set. If :
n n E R R → is a linear map and
is E-convex set.
Definition 1.2 [10] (E-convex Function)
A real valued function :
→ is said to be an E-convex function with respect to an operator :
is an E-convex set and, for each ,
If the inequality signs in the previous two inequalities are strict, then f is called strictly E-convex and strictly E-concave respectively.
Every convex function is an E-convex with respect to the identity map (
be an Eepigraph of a function f , then f which defined on E-convex set n R M ⊆ is Econvex with respect to a linear map E if and only if its
f ∈ is a family of numerical functions, which are E-convex and bounded from above on an E-convex set n R M ⊆ , then the numerical function ( ) sup ( )
Definition 1.3[8] (Quasi E-convex Function)
→ is said to be quasi E-convex function with respect to an operator :
is an E-convex set and for each ,
If the inequality sign in the previous two inequalities are strict, then f is called strictly quasi E-convex and strictly quasi E-concave respectively.
be E-convex set and :
n n E R R → be a linear map, a function :
is an E-convex set with respect to an operator :
n n E R R → is said to be pseudo E-convex function if for all 1 2 ,
Definition 1.5[1] (Semi E-convex Function)
is said to be a semi E-convex function with respect to an operator :
If the inequality signs in the previous two inequalities are strict, then f is called strictly semi E-convex and strictly semi Econcave respectively. If the functions :
is semi E-convex if and only if its epi ( )
f ∈ is a family of numerical functions, which are semi E-convex and bounded from above, then the numerical function ( ) sup ( )
Definition 1.6 [2] (E-Convex Programming)
Let :
n n E R R → be a mapping, : Another E-convex programming, let M is an E-convex set, the problem E P is defined as min( )( ) . .
Assume M is an E-convex set and (
∈ is a solution of the problem E P then ( ) E x is a solution of the problem p
2-The Duality of E-convex Programming
Given a nonlinear programming problem, there is another nonlinear programming problem closely associated with it. The former is called primal problem, and the latter is called the Lagrangian dual problem. Under certain convexity assumptions, the primal and dual problems have equal optimal objective values, and hence it is possible to solve the primal problem indirectly by solving the dual problem.
The Mond-Weir [ 5, 6 ] type dual for problem E P can be consider as follows:
By proving the duality theorem we will clear the relationship between the problems E P and E D .
Theorem 2.1: (Weak Duality)
Let x be a feasible solution to the problem E P , :
n n E R R → is a mapping , let f and g are E-convex functions and differentiable .And also let ( , ) y u be a feasible solution to the problem E D ,then ( ( )) ( , )
Proof
Since f is E-convex and differentiable at x, then ( 
Theorem 2.2: (Strong Duality)
Let x be an optimal solution of the problem E P , and assume that the KuhnTucker constraint qualification is satisfied. Then there exists m R u ∈ , such that ( , )
x u be an optimal solution for E D and the objective values of E P and E D are equal. 
Proof: Since the Kuhn-Tucker constraint qualification is satisfied, then there exists
m R u ∈ such that ( )( ) ( )( ) 0 i f E x u g E x ∇ + ∇ = o o , ( )( ) 0 i u g E x = o , 0 ≥ u .
Which it yields that ( , )
This contradicts the weak duality theorem. Hence ( , ) x u is an optimal solution for problem E D .
Example:
Let : E R R → be an operator defined by
, and let
is non differentiable at 0 = x , we will solve this problem by two cases: Case 2. Now, we will take the duality problem D of the problem P and find the problem E D . The problem D is:
The Lagrange function is
The solution of this case is similar to the solution of the case1 and, also has the same optimal solution.
Theorem 2.3:
Let M be a nonempty E-convex set and compact in 
where K is some index set. Since X is compact and E-convex set, then the sequences { ( )} E x has a convergent
and hence ( ) E y and ( ) E x ) are distinct .furthermore ,for each k u with k K ∈ we
Taking the limit as k in K approaches ∞ ,and noting that ( ) ( ),
f and g are E-convex function and continuous ,it follows that
,contradiction the assumption that ( ) X u is singleton and suppose that ( )
Proof:
Since f and g are continuous and E-convex functions and M is compact and E-convex set, then for any given 
Conclusion
In this paper we introduced a new concept of the duality problem" the duality of E-convex programming", Lagrange and Mond-Weir dual problem of Econvex programming and some theorems concerned with this topics
